Chemical context
Chromium(VI) compounds have a toxic and genotoxic character to humans and wildlife (Yusof & Malek, 2009 ), but they are very important in industrial processes (Goyal et al., 2003) . 1,4,8,11-Tetraazacyclotetradecane and its substituted derivatives are involved in diverse application fields such as catalysis, enzyme mimics, chemical sensors, selective metal-ion recovery, pharmacology and therapy (Meyer et al., 1998) . Tetra-Nmethylated 1, 4, 8, 4, 8, C 14 (Becker & Mattes, 1996) (Nowicka et al., 2012) and [Al(CH 3 )] 4 [TMC] (Robinson et al., 1987) were determined, but there is no report of a compound with any combination of the 1, 4, 8, 4, 8, 11tetraazoniacyclotetradecane cation and CrO 3 Cl À anion. In this communication, we report on the preparation of a new organic chlorochromate [H 4 TMC] [CrO 3 Cl] 2 Cl 2 , (I), and its structural characterization by synchrotron single-crystal X-ray diffraction. ISSN 2056-9890 
Structural commentary
The molecular structure of (I) is shown in Fig. 1 along with the atom-numbering scheme. The organic cation lies across a crystallographic inversion center and hence the asymmetric unit contains one half of the organic cation, one chlorochromate(VI) anion and one chloride anion. The conformation of the tetracation in (I) (blue) is similar to that observed in [H 4 TMC](ClO 4 ) 2 Cl 2 (red) ( Fig. 2 (Willey et al., 1993) . Within the centrosymmetric cation unit C 14 H 36 N 4 4+ , the C-C and N-C bond lengths vary from 1.520 (2) to 1.524 (2) Å and from 1.501 (2) to 1.513 (2) Å , respectively. The ranges of the N-C-C and C-N-C angles are 111.86 (15) to 116.39 (14) and 108.81 (14) to 112.58 (14) , respectively. The four nitrogen atoms of the macrocyclic cation are coplanar with the four nitrogens occupying the four corners of it with distances between each two N atoms of 3.2242 (13) Å (N1-N2), 5.414 (2) Å (N1-N1 0 ) and 5.5907 (17) Å (N2-N2 0 ), where the primed atoms are related by the symmetry operation (Àx + 1, Ày + 1, Àz (Becker & Mattes, 1996) . The CrO 3 Cl À anion exhibits a more or less distorted tetrahedral geometry (Lorenzo Luis et al., 1996) 
Supramolecular features
Extensive C-HÁ Á ÁO, C-HÁ Á ÁCl and N-HÁ Á ÁCl hydrogenbonding interactions occur in the crystal structure (Table 1) . The organic C 14 H 36 N 4 4+ cation is linked to two Cl À anions and one CrO 3 Cl À anion via N1-H1Á Á ÁCl2, N2-H2Á Á ÁCl2 and C4-H4CÁ Á ÁO3 hydrogen bonds, respectively. In addition, three neighbouring organic cations are interconnected to the 524 Moon and Choi (C 14 Overlay of the two macrocyclic cations in (I) (blue) and in [H 4 TMC](ClO 4 ) 2 Cl 2 (red).
Figure 1
The structure of (I), drawn with displacement ellipsoids at the 50% probability level. Dashed lines represent hydrogen bonding interactions and primed atoms are related by the symmetry operation (Àx + 1, Ày + 1, Àz). Table 1 Hydrogen-bond geometry (Å , ). Symmetry codes: (i) Àx þ 1; Ày þ 1; Àz; (ii) Àx þ 2; Ày þ 1; Àz; (iii) Àx þ 1; Ày; Àz þ 1; (iv) Àx þ 1; Ày þ 1; Àz þ 1;
(v) x þ 1; y; z; (vi) Àx; Ày þ 1; Àz þ 1.
CrO 3 Cl À anion via several C-HÁ Á ÁO hydrogen bonds (Fig. 3) . The extensive array of these contacts generates a threedimensional network and help to consolidate the crystal structure. The crystal packing diagram of (I) viewed perpendicular to the bc plane is shown in Fig. 4 (Willey et al., 1994) . However, the compound and structure of any double salt of C 14 H 36 N 4 4+ with an additional CrClO 3 À anion is not yet known.
Synthesis and crystallization
The free macrocycle TMC (98%) and chromium(VI) trioxide (99%) were purchased from Sigma-Aldrich and used without further purification. All other chemicals were reagent-grade materials and used as received. To a solution of TMC (0.128 g, 0.5 mmol) in 6 M HCl (15 mL) was added a solution of chromium(VI) trioxide (0.1 g, 1 mmol) in 6 M HCl (5 mL) at 298 K. The resulting solution was stirred for 2 h and left to stand for slow evaporation at room temperature. Block-like red single crystals of (I) suitable for X-ray analysis were obtained by filtration. The crystal packing of (I), viewed perpendicular to the bc plane. Dashed lines represent N-HÁ Á ÁCl (green), C-HÁ Á ÁO (pink) and C-HÁ Á ÁCl (blue) hydrogen-bonding interactions (see Table 1 for details).
Figure 3
The C-HÁ Á ÁO hydrogen-bonding interactions between neighbouring organic cations and the CrO 3 Cl À anion (see Table 1 for details). 
Refinement
Crystal data, data collection and structure refinement details are summarized in Table 2 . All H atoms were placed in geometrically idealized positions and constrained to ride on their parent atoms, with C-H = 0.97-0.98 Å and N-H = 0.99 Å , respectively, and with U iso (H) values of 1.5 and 1.2U eq of the parent atoms.
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Computing details
Data collection: PAL BL2D-SMDC (Shin et al., 2016) ; cell refinement: HKL3000sm (Otwinowski & Minor, 1997) ; data reduction: HKL3000sm (Otwinowski & Minor, 1997) ; program(s) used to solve structure: SHELXT2018 (Sheldrick, 2015a); program(s) used to refine structure: SHELXL2018 (Sheldrick, 2015b); molecular graphics: DIAMOND4 (Putz & Brandenburg, 2014) ; software used to prepare material for publication: publCIF (Westrip, 2010) .
1,4,8,11-Tetramethyl-1,4,8,11-tetraazoniacyclotetradecane bis[chloridochromate(VI)] dichloride
Crystal data (C 14 
Special details
Geometry. All esds (except the esd in the dihedral angle between two l.s. planes) are estimated using the full covariance matrix. The cell esds are taken into account individually in the estimation of esds in distances, angles and torsion angles; correlations between esds in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of cell esds is used for estimating esds involving l.s. planes.
Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (Å 2 ) 
